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In Ireland, men who have sex with men (MSM) have increased HIV risk. Pre-exposure prophylaxis (PrEP), combined with safe sex practices, can reduce HIV acquisition. We estimated MSM numbers likely to present for PrEP by applying French PrEP criteria to Irish MSM behavioural survey data. We adjusted for survey bias, calculated proportions accessing testing services and those likely to take PrEP. We estimated 1-3% of MSM in Ireland were likely to present for PrEP.
In Ireland, men who have sex with men (MSM) are at increased risk of sexually acquired HIV infection [1] . A priority action in Europe is to reduce new HIV infections among MSM by improving HIV combination prevention programmes, potentially in part through provision of pre-exposure prophylaxis (PrEP) [2, 3] . Across Europe, many countries are working towards implementation of PrEP [4] .
Estimating the number likely to present for PrEP is important for informing decision making about PrEP introduction. As recent behavioural data in MSM were available from an online convenience survey, MSM Internet Survey Ireland (MISI) [5] , this allowed us to estimate the number of MSM likely to present for PrEP in Ireland.
Determining PrEP estimates for Ireland
We researched PrEP criteria from Australia [6] , England [7] , France [8, 9] , and the United States [10, 11] , and preliminarily applied those criteria to MISI data to estimate MISI respondents eligible for PrEP. We presented and discussed our estimates and underlying criteria during consultation meetings with clinicians, public health experts and the national PrEP working group, which is a multi-sectoral group, comprised of clinicians, pharmacists, community leaders and public health experts. We obtained consensus that French PrEP criteria were most suited for the purpose of PrEP estimates for Ireland. In this study, we therefore chose variables which were the same as, or the closest fit to French PrEP criteria but restricted our analysis to MISI respondents aged 18-64 years.
PrEP is available in France for men and transgender people over the age of 18 years who have had sex with men and who reported one or more of the following: condomless anal intercourse (CAI) with at least two different sexual partners in the last 6 months; episodes of sexually transmitted infections (STIs) in the past 12 months; multiple post-exposure prophylaxis (PEP) treatments in the last 12 months; or used drugs during sex [8, 9] .
Stepwise approach to estimate the number of MSM likely to present for PrEP After estimating the proportion of MISI respondents eligible for PrEP (Figure 1 ), we developed a stepwise approach to estimate the MSM population in Ireland likely to present for PrEP in the first year of a PrEP programme, should this be introduced (Figure 2 ). Using the 2015 Healthy Ireland Survey, which found 6% of men in Ireland reporting that their last sex was with a man [5] , we applied this estimate to the Irish male population aged 18-64 years from the 2011 census (n = 1,441,603) [12] . This gave us the estimated number of MSM in Ireland to be 86,498.
Previous research found that high-risk MSM were twice as likely to respond to convenience surveys and report more risk behaviours, STI outcomes and HIV testing compared with probability based surveys [13] [14] [15] .
Therefore, subsequent to estimating the proportion of MSM eligible for PrEP using MISI data, we applied a 50% correction factor to our estimate ( Figure 2 ).
The proportion of MSM accessing STI and HIV testing services in Ireland is not available. However, based on previous study findings [5, 16] , we applied a range of estimates (15%, 30%, 45%) for the proportion of MSM accessing services.
We applied a rate of 58% for the proportion of MSM likely to take PrEP based on results from an online survey of PrEP awareness and acceptability among MSM in Scotland, Wales, Northern Ireland and the Republic of Ireland [17] . This survey targeted HIV-negative/status unknown MSM who reported CAI with two or more men in the last year, whereby respondents had similar characteristics to the MISI respondents considered in the PrEP eligible group.
Results of PrEP estimates
Applying French PrEP criteria to MISI data, we estimated that 23% (95% confidence interval (CI): 22.7-23.3) of the MISI respondents (n = 3,045) would be eligible to receive PrEP (Figure 1 ).
In order to adjust for over-reporting, we applied a 50% correction factor to the proportion of MISI respondents eligible for PrEP. Applying the adjusted estimate of 11.5% to the MSM population in Ireland, we estimated that 9,947 MSM (95% CI: 9,765-10,129) in Ireland would be eligible for PrEP (Figure 2 ).
The application of estimate ranges (15%, 30% and 45%) to account for the proportion of MSM accessing HIV and STI services, further adjusted the estimated number of MSM likely to present for or be offered PrEP to between 1,492 and 4,476 (95% CI: 1,423-4,574) (Figure 2 ).
Applying 58% for the proportion of MSM likely to take PrEP if requested or offered while accessing HIV and STI services, we estimated that 865-2,596 (95% CI: 811-2,683) MSM would likely present and take PrEP ( Figure  2 ). This estimate of 865-2,596 MSM (95% CI: 811-2,683) likely to present and take PrEP equates to 1-3% of the MSM population in Ireland aged 18-64 years.
Discussion and conclusion
Through consultation with experts and community leaders, we were able to establish suitable criteria, data sources and a stepwise approach for estimation of the likely number of MSM to present for PrEP in Ireland. We estimated that 1-3% of the MSM population accessing services in Ireland aged 18-64 years would be likely to present and take PrEP. These estimates are currently being used to inform the pharmacoeconomic evaluation of Truvada for PrEP in line with the reimbursement process for medicines in Ireland.
Our findings are subject to some limitations. These estimates are limited to men aged 18-64 years due to the age distribution of MISI respondents. However, if made available, PrEP would not have an upper age limit for eligibility. Also, these estimates are based on the proportion of MSM accessing services. However, if MSM who are not currently accessing services come forward for PrEP, this will increase the number presenting for PrEP. We were unable to apply the exact French PrEP criteria to some MISI variables, which might have under-or over-estimated our findings. The estimate for the proportion of MSM likely to take PrEP is based on findings from an online survey [17] which may not reflect actual uptake when an individual is presented with the option of taking PrEP. Although the MISI survey was large (3,090 respondents), and corrected for over-reporting, responses may still not be representative of the MSM population in Ireland. Finally, the proportion of males in Ireland who are MSM is based on a national probability based survey [5] , which may be Criteria for receiving PrEP in France have been previously described [8, 9] .
a Number of men who reported to be HIV negative or did not know their HIV status.
an over-or under-estimate of the proportion of MSM in Ireland.
These estimates should be reviewed one year postimplementation of PrEP to calculate future projections. It is also important to monitor PrEP uptake to assess its utilisation and to support the development of targeted implementation programmes and policies to increase access for populations most at risk of HIV acquisition.
Given the priority actions within Europe to reduce new HIV infections and improve HIV combination prevention
Figure 2
Stepwise approach to estimating the number of men who have sex with men (MSM) who would likely present for HIV preexposure prophylaxis (PrEP) a in Ireland, 2017
Apply 50% correction for selection bias
11.5%
(95% CI: 11. a Estimated proportion of respondents to a behavioural survey, who might present for HIV pre-exposure prophylaxis based on French PrEP eligibility criteria [8, 9] .
b Based on findings that high-risk MSM were twice as likely to respond to convenience surveys and report more risk behaviours, STI outcomes and HIV testing, compared with probability based surveys [13] [14] [15] .
c 6% estimate based on [5] .
d Applied proportions of MSM accessing STI and HIV testing services in Ireland based on [5, 16] .
e 58% PrEP uptake rate based on [17] .
programmes for MSM, other countries may consider replicating the approach we took to estimate the number likely to present for PrEP.
